Most cases were imported from African countries (more than 80%) [2] .
In Poland, between a dozen and several dozen patients, including foreigners, suffer from malaria every year. Altogether 92 cases were registered in the years 2009-2012, including 21 cases in 2012, 14 in 2011, 35 in 2010 and 22 in 2009 [3] . Poland has officially been declared free from domestic malaria since 1963, with local transmission persisting until 1957 [4] . Only imported cases are currently registered. It is impossible to determine how many Poles visit tropical countries, especially malaria endemic zones due to lack of research data. Also, the number of Polish citizens with malaria abroad remains unknown as no research has been conducted concerning this problem.
It seems that the approximate number of cases may be determined based on medical history and positive results of serologic tests for malaria as past infection leaves traces in the form of IgG antibodies persisting 8-12 months or longer [5] . An increasing number of malaria cases are being observed not only in travellers but also in missionaries, humanitarian volunteers and professionals working in tropical areas. Only isolated cases of malaria in the visiting friends and relatives (VFRs) group are currently reported in Poland. It is relatively common, especially among missionaries, to undergo self-treatment with antimalarial drugs when the disease is suspected. This may also contribute to difficulties in determining the exact number of Polish malaria patients and results in the fact that the disease is underreported.
The aim of the study is to determine retrospectively the minimal number of malaria cases in Poles at home and abroad in the last decade.
MaterIaLS aNd MethodS
The source material consisted of the serologic tests results for parasitic diseases including malaria performed between 2003 and 2012 in the Department of Tropical Parasitology of the Medical University of Gdansk. Indications for serologic testing for malaria included: recurring fever after return from tropical areas, return from malaria-endemic areas, reporting of unusual symptoms and anamnesis indicating malaria in the past [5] . Moreover, microscopic tests (thin and thick blood film) were routinely performed for diagnostic purposes, complemented by immunochromatography [6] and molecular tests [7] Two derived spreadsheets were subsequently created, which only included people with a history of malaria diagnosed in the reference centre where indirect immunofluorescent-antibody assay (IFA) for Plasmodium falciparum antigen (BioMérieux) proved positive: 1) with titre of ≥ 1:20 which is considered as diagnostic for malaria, and 2) with titre of ≥ 1:80 which is considered as specific for malaria [5] .
The minimum number of Poles who have had malaria at home and abroad was calculated on the basis of positive IFA results with titre ≥ 1:20, and separately with titre ≥ 1:80; the rate of all treated malaria patients in Poland in relation to those treated in the reference centre and the actual number of Poles with malaria diagnosed at home was calculated according to formulae designed by us: Our earlier study [5] demonstrated that 69% of IFA tests in patients with laboratory-confirmed malaria contracted in the tropics were reactive with titre ≥ 1:20 and 52% with titre ≥ 1:80, while 31% and 48% were negative, respectively. Comparison of these earlier results against the present study shows that 376 patients constitute 69%. Therefore, the remaining 31% is 169 cases (despite confirmation of malaria), which altogether equals (a ≥1:20 +b ≥1:20 ) 545 cases. In parallel, 52% of samples were positive in IFA with titre ≥ 1:80 and 48% were negative, which translates into 227 and 209 individuals, respectively (436 altogether).
Based on the data collected from the National Institute of Public Health -National Institute of Hygiene [3] as well as the data from the Department of Tropical Parasitology (the National Centre for Tropical Medicine), it was demonstrated that at least 222 Poles had malaria in the past 10 years, 28.8% of whom were treated in our centre, and that the ratio of the number of all treated malaria patients in Poland in relation to the number of patients with malaria treated in our centre is 3.47:1. According to our data, it was also revealed that other medical centres failed to report at least 42 cases of laboratory -confirmed malaria in Poles and 6 cases in foreigners to the official surveillance system. All numerical data is presented in Table 1 .
By substituting the symbols in equations for numbers we obtain: 
dIScuSSIoN
The estimated number is 8 to 10 times more than the number of officially registered cases of imported malaria, i.e. acquired abroad and diagnosed in Poland after presentation of symptoms. This number is probably higher because some 211 174 Table 1 . Comprehensive summary of numeric data concerning Poles diagnosed for malaria in the years [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] No.
Group of patients (serum samples) N % Index [8] , some (unknown) number of cases is not included in the statistics because they are underreported by attending physicians. On the other hand, the knowledge of the total annual number of Polish citizens suffering from malaria would make it possible to estimate the real needs of pre-travel counselling and the use of chemoprophylaxis. The knowledge of the total annual number of people at risk of malaria i.e. traveling to endemic areas and of the data concerning the use of chemoprophylaxis among them is crucial for determining the real malaria prevalence among Polish citizens. No system for registration of Poles infected with and treated for malaria abroad exists because neither domestic nor foreign travel agents have such obligation. The annual number of patients diagnosed with and treated for malaria in Poland registered in the surveillance system is more or less constant and does not exceed several dozen patients a year. Thus, malaria is not a common disease and, therefore, few general practitioners or physicians working at emergency hospital departments include it in differential diagnosis. Although it now seems that the awareness of the risk is gradually increasing due to various educational programmes.
In spite of numerous training events for physicians and awareness-raising campaigns, deaths caused by malaria are still registered and the mortality rate is 7-16 times higher than in other European countries [4] . It is possible that some deaths are from undiagnosed malaria. Difficulties in the diagnosis of malaria arise not only because of lack of experience amongst physicians, but also because of the atypical course of the disease. The incubation period of malaria plasmodia is prolonged in many cases, often due to the modifying impact of incomplete chemoprophylaxis or due to the influence of other medication e.g. antibiotics taken for other reasons. Therefore, it is not known when to include malaria in differential diagnosis of symptoms after the patient's return from tropical areas. In cases of the most dangerous falciparum malaria, the symptoms occur up to 3 months after being infected, although there is some data describing cases where the symptoms occur after a much longer period [9] . In 2007, a female patient was described to have developed malaria 8 years after her sojourn in the tropics (Angola) [10] .
In Poland, the number of immigrants coming from malaria-endemic countries is not significant, therefore, the problem of travelling VFRs does not exist, unlike in other European countries. In the United Kingdom, it is estimated that this group accounted for 40% of the 2 million travellers to Africa in the year 2000. Yet at the same time VFRs consider themselves resistant to malaria, do not seek medical advice, go on longer trips, often in endemic territories, use prophylaxis treatments reluctantly or are limited financially [11] . A research study conducted in Spain showed that out of 60 malaria cases seen in children between 1995 and 2007, 14 were VFRs, and none applied proper malaria prophylaxis. In addition, the parasitaemia was considerably higher amongst these patients [12] .
In Poland, another problem exists -the reluctance of travellers to use malaria prophylaxis, a common belief in the harmfulness of the prophylactic medicines and sometimes a complete lack of knowledge of the existence of malaria in the destination country. Another problem is people's ignorance about the nature of the disease, and their belief in old-fashioned ways of coping with the problem of mosquitoes. It is estimated that approximately 3/4 of Polish patients did not use any prophylaxis against developing malaria (our own study). In connection with an insufficient familiarity with this disease amongst doctors, all of these factors result in a delayed diagnosis and treatment of malaria which endangers infected people's lives.
Since 1963 there were no domestic malaria cases reported in Poland, although there are conditions which might encourage that spread of the disease, namely "malaric" mosquitoes: Anopheles messeae/daciae and An. maculipennis [13] . According to World Health Organisation guidelines, the territory of Poland is stated to be vulnerable, which means that it has the necessary conditions for malaria transmission. Regions prone to malaria transmission should be protected, in particular, against the spread of infected mosquitoes, and influx of people who are already ill or who are suspected carriers of the disease [14] . Patients suffering from malaria arriving in a non-endemic region, other than the danger connected with an unfortunate course of the disease, may contribute to an increase in the risk of transmission as well as the reintroduction of malaria in regions with appropriate climatic conditions and vectors of the disease, as well as play a role in infecting other people through blood transfusions, organ transplants, occupational exposure, and vertical route.
coNcLuSIoNS
According to our calculations, at least 174-211 individuals suffer from malaria, both in Poland and in the tropics, which are 8-10 times more Poles than the number of officially registered imported malaria cases. Moreover, around 20% of the cases are not registered at all, for a variety of reasons. The task of the epidemiological service is Anna Kuna et al., An attempt to estimate the minimal number of Poles infected and treated for malaria in Poland and abroad to estimate the exact number of people potentially suffering from malaria in Poland, to evaluate the risk of an upward trend in this number and to plan possible actions to combat mosquito breeding sites. In order to limit the risk of malaria transmission it is essential to continue awareness-raising campaigns on chemoprophylaxis as well as other methods which decrease the risk of contracting malaria.
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